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(54) Intercommunication apparatus and method 

(57) In an intercommunication apparatus (1), a 
frame converting portion (30) is provided for intercon- 
version between MAC (Media Access Control) frame 
encapsulation data and LLC/SNAP (Logical Link Con- 
trol/SubNetwork Attachment Point) encapsulation data 



by the use of information related to IPOA (Internet Pro- 
tocol over Asynchronous Transfer Mode) terminals 
(200a-200c) and registered in an IPOA server (40). 
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Description 

Background of the Invention: 

[0001] This invention relates to an intercommunication 5 
apparatus and, in particular, to an intercommunication 
apparatus for carrying out communication between a 
LAN (Local Area Network) emulation (hereinafter called 
LANE) terminal and an IP (Internet Protocol) over ATM 
(Asynchronous Transfer Mode) (hereinafter called 10 
IPOA) terminal. 

[0002] In LANE, provision is made of a mechanism for 
converting a destination MAC (Media Access Control) 
address of a particular MAC frame into an appropriate 
ATM address (resolving the MAC address to obtain the 15 
ATM address). MAC frame transfer on a conventional 
Ethernet is emulated on an ATM network. 
[0003] On the other hand, in IPOA, provision is made 
of a mechanism for converting a destination IP address 
of a packet in a particular network layer into an appropri- 20 
ate ATM address (resolving the IP address to obtain the 
ATM address) and the packet in the network layer is 
directly transferred on the ATM network. 
[0004] As described above, the LANE and the IPOA 
are different in object and approach of address resolu- 25 
tion from each other. Therefore, a LANE terminal and an 
IPOA terminal can not simultaneously coexist in a same 
subnetwork. 

[0005] Therefore, in a particular subnetwork, it is 
impossible, for example, to operate an ordinary terminal 30 
in the LANE while a particular service (for example, a 
video-on-demand service) is operated by the IPOA ter- 
minal. 

Summary of the Invention: 35 

[0006] It is an object of this invention to provide an 
intercommunication apparatus which allows a LANE 
terminal and an IPOA terminal to simultaneously coexist 
in a same subnetwork. 40 
[0007] In order to achieve the above-mentioned 
object, there is provided an intercommunication appara- 
tus for carrying out communication between one and 
another of LAN (Local Area Network) emulation termi- 
nals and IP (Internet Protocol) over ATM (Asynchronous 45 
Transfer Mode) terminals, the apparatus comprising: 

an IPOA (IP over ATM) server which stores informa- 
tion related to the IP over ATM terminals; 
an encapsulating portion for encapsulating input so 
data; 

a frame converting portion for carrying out, by the 
use of the information stored in the IPOA server, 
intercon vers ion between MAC (Media Access Con- 
trol) frame encapsulation data and LLC/SNAP 55 
(Logical Link Control/SubNetwork Attachment 
Point) encapsulation data prepared by the encap- 
sulating portion; and 



a bridge portion for exchanging data between the 
LAN emulation terminals and the frame converting 
portion. 

[0008] The frame converting portion comprises: 

a MAC frame input/output portion for input and out- 
put of data to and from the bridge portion; 
an address table connected to the IPOA server and 
holding information including an IP address, a MAC 
address, and an ATM address as entries; 
an ARP (Address Resolution Protocol) processing 
portion connected to the address table for prepar- 
ing and resolving an ARP request; and 
a frame processing portion responsive to an IP 
packet supplied thereto for searching the MAC 
address in the address table to acquire the ATM 
address. 

[0009] There is also provided a communication 
method for carrying out communication between one 
and another of the LAN emulation terminals by the use 
of the above-mentioned intercommunication apparatus, 
the method comprising: 

a step of transmitting the ARP request designating 
the IP address of a reception terminal of the LAN 
emulation terminals from a transmission terminal of 
the LAN emulation terminals to other LAN emula- 
tion terminals by a LANE (LAN emulation) protocol; 
a step of preparing, in the reception terminal, an 
ARP reply including the MAC address of the recep- 
tion terminal, and transmitting the ARP reply to the 
transmission terminal by communication using the 
LANE protocol; and 

a step of preparing, in the transmission terminal, a 
MAC frame containing the IP packet to be transmit- 
ted to the reception terminal by The use of the MAC 
address contained in the ARP reply transmitted 
from the reception terminal, and transmitting to the 
reception terminal the MAC frame thus prepared. 

[0010] There is also provided a communication 
method for carrying out communication between one 
and another of the IP over ATM terminals by the use of 
the above-mentioned intercommunication apparatus, 
the method comprising: 

a step of transmitting from a transmission terminal 
of the IP over ATM terminals through the encapsu- 
lating portion to the IPOA server an address resolu- 
tion request for converting the IP address of a 
reception terminal of the IP over ATM terminals into 
the ATM address; 

a step of encapsulating and transmitting, in 
response to the address resolution request trans- 
mitted from the transmission terminal, an address 
resolution reply containing the ATM address of the 
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reception terminal from the IPOA server through 
the encapsulating portion to the transmission termi- 
nal; and 

a step of transmitting the IP packet to the reception 
terminal by the use of the ATM address of the 5 
reception terminal contained in the address resolu- 
tion reply. 

[0011] There is furthermore provided a communica- 
tion method for carrying out communication from a 10 
transmission terminal being one of the LAN emulation 
terminals to a reception terminal being one of the IP 
over ATM terminals by the use of the above-mentioned 
intercommunication apparatus, the method comprising: 

15 

a step of registering, in said IPOA server, IP 
address and ATM address information of said 
reception terminal; 

a step of transferring to said address table the IP 
address and the ATM address information of said 20 
reception terminal registered in said IPOA server; 
a step of extracting, in said address table, the MAC 
address of said reception terminal from an ESI 
(End System Identifier) field of the ATM address of 
said reception terminal and storing the information 25 
of the IP address, the MAC address, and the ATM 
address of said reception terminal; 
a step of transmitting, from said transmission termi- 
nal through said bridge portion and said MAC frame 
input/output portion to said ARP processing portion 30 
in accordance with a LANE (LAN emulation) proto- 
col, the ARP request designating the IP address of 
said reception terminal; 

a step of resolving, in said ARP processing portion, 
said ARP request, detecting the MAC address of 35 
said reception terminal from said address table by 
the use of the IP address of said reception terminal 
as a target IP address in the ARP request, prepar- 
ing the ARP reply containing the MAC address, and 
transmitting it to said transmission terminal through 40 
said MAC frame input/output portion and said 
bridge portion; 

a step of preparing, in said transmission terminal, 
the MAC frame containing the IP packet to be trans- 
mitted to said reception terminal in response to the 45 
ARP reply, and transmitting it to said frame 
processing portion through said bridge portion and 
said frame input/output portion; 
a step of detecting, in said frame processing por- 
tion, the ATM address of said reception terminal 50 
from said address table with reference to the MAC 
address contained in the MAC frame, and transmit- 
ting the ATM address and the IP packet to said 
encapsulating portion; and 

a step of encapsulating, in said encapsulating por- 55 
tion, the IP packet and transmitting it to said recep- 
tion terminal. 



[0012] There is also provided a communication 
method for carrying out communication from one of the 
IP over ATM terminals to one of the LAN emulation ter- 
minals by the use of the above-mentioned intercommu- 
nication apparatus, the method comprising: 

a step of transmitting, to the IPOA server through 
the encapsulating portion from a transmission ter- 
minal which is the one of the IP over ATM terminals, 
an address resolution request for converting, into 
the ATM address, the IP address of the reception 
terminal which is the one of the LAN emulation ter- 
minals; 

a step of encapsulating and transmitting, in 
response to the address resolution request trans- 
mitted from the transmission terminal, an address 
resolution reply containing an ATM address 
assigned to the encapsulating portion from the 
IPOA server through the encapsulating portion to 
the transmission terminal; 

a step of encapsulating, in the transmission termi- 
nal, the IP packet desired to be transmitted and 
transmitting it to the encapsulating portion; 
a step of extracting, in the encapsulating portion, 
the IP packet from reception data and transferring it 
to the frame processing portion; 
a step of transmitting from the frame processing 
portion to the ARP processing portion the IP 
address of the reception terminal in order to ask the 
MAC address of the reception terminal; 
a step of preparing, in the ARP processing portion, 
the ARP request containing the IP address of the 
reception terminal unless relevant information is 
held therein, and transmitting the ARP request 
through the MAC frame input/output portion and the 
bridge portion to the reception terminal with a des- 
tination MAC address as a broadcast address; 
a step of preparing, in the reception terminal, an 
ARP reply containing the MAC address assigned to 
the reception terminal in response to the ARP 
request, and transmitting the ARP reply through the 
bridge portion and the MAC frame input/output por- 
tion to the ARP processing portion in accordance 
with the LANE protocol; 

a step of obtaining, in the ARP processing portion, 
the MAC address of the reception terminal from the 
ARP reply to transmit the MAC address of the 
reception terminal to the frame processing portion; 
a step of transmitting, in the frame processing por- 
tion, the IP packet as communication data to the 
MAC frame input/output portion with the MAC 
address of the reception terminal as the destination 
MAC address; and 

a step of encapsulating, in the MAC frame 
input/output portion, the IP packet transmitted from 
the frame processing portion into the MAC frame, 
and transmitting it to the reception terminal through 
the bridge portion. 
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[0013] In this invention having the above-mentioned 
structure, interconversion is carried out between the 
MAC frame encapsulation data and the LLC/SNAP 
encapsulation data by the use of the information related 
to the IPOA terminal and registered in the IPOA server. 
Therefore, the LANE terminal and the IPOA terminal are 
allowed to coexist in a same subnetwork. 

Brief Description of the Drawing: 
[0014] 

Fig. 1 is a block diagram showing an intercommuni- 
cation apparatus and a communication system for 
which the apparatus is used, according to one 
embodiment of this invention; 
Fig. 2 is a block diagram showing the structure of a 
frame converting portion illustrated in Fig. 1 ; 
Fig. 3 is a view for describing communicating oper- 
ation using the intercommunication apparatus illus- 
trated in Fig. 1 ; 

Fig. 4 is a view for describing communicating oper- 
ation using the intercommunication apparatus illus- 
trated in Fig. 1 ; 

Fig. 5 is a view for describing communicating oper- 
ation using the intercommunication apparatus illus- 
trated in Fig. 1 ; 

Fig. 6 is a view for describing communicating oper- 
ation using the intercommunication apparatus illus- 
trated in Fig. 1 ; and 

Fig. 7 is a block diagram showing an intercommuni- 
cation apparatus and a communication system for 
which the apparatus is used, according to another 
embodiment of this invention. 

Description of the Preferred Embodiments: 

[0015] Hereinafter, description will be made about 
embodiments of this invention with reference to the 
drawing. 

[0016] The specification of LANE is defined by the 
ATM Forum as "LAN Emulation Over ATM Version 1.0" 
(af-lane-0021 .000). The specification of IPOA is defined 
by the IETF (Internet Engineering Task Force) as "Clas- 
sical IP and ARP over ATM" (RFC -Request for Com- 
ments- 1577) or "NBMA (Nonbroadcast Multiaccess) 
Next Hop Resolution Protocol (NHRP)" (RFC2332). In 
the following, the reference to the IPOA represents 
RFC1577 or RFC2332. 

[0017] Each of LECS (LAN Emulation Configuration 
Server), LES (LAN Emulation Server), and BUS (Broad- 
cast and Unknown Server) in the LANE will hereinafter 
be referred to as a "LANE server". An ATM ARP server 
in RFC1577 or an NHRP (Next Hop Resolution Proto- 
col) server in RFC2332 will hereinafter be referred to as 
an "IPOA server". 

[0018] Referring to Fig. 1, an intercommunication 
apparatus according to one embodiment of this inven- 



tion is applied to a communication system. 
[0019] As illustrated in Fig. 1 , the communication sys- 
tem includes a plurality of LANE terminals 100a-100c, 
an ATM switch 301 for carrying out switching among the 

5 LANE terminals 100a-100c, a LANE server 110 con- 
nected to the ATM switch 301 and storing address infor- 
mation of the LANE terminals 100a-100c, a plurality of 
IPOA terminals 200a-200b, an ATM switch 302 for car- 
rying out switching among the IPOA terminals 200a- 

w 200c, and an intercommunication apparatus 1 for com- 
munication between one and another of the LANE ter- 
minals 100a-100c and the IPOA terminals 200a-200c. 
The intercommunication apparatus 1 comprises an LEC 
(LAN Emulation Client) 10 for carrying out communica- 

15 tion with the LANE terminals 100a-100c through the 
ATM switch 301 by the use of the address information 
stored in the LANE server 1 10, an IPOA server 40 stor- 
ing IP addresses and ATM addresses of the IPOA termi- 
nals 200a-200c, an LLC/SNAP encapsulating portion 

20 50 connected to the ATM switch 302 and the IPOA 
server 40 for encapsulating an IP packet or a reply, a 
frame converting portion 30 for interconversion between 
MAC frame encapsulation data and LLC/SNAP encap- 
sulation data prepared by the LLC/SNAP encapsulating 

25 portion 50, and a bridge 20 for data exchange between 
the LEC 10 and the frame converting portion 30. 
[0020] Referring to Fig. 2, the frame converting portion 
30 in this embodiment comprises a MAC frame 
input/output portion 31 for data input/output to and from 

30 the bridge 20, an address table 34 connected to the 
IPOA server 40 for holding information including an IP 
address, a MAC address, and an ATM address as 
entries, an ARP processing portion 32 connected to the 
address table 34 and having an ARP function defined by 

35 RFC826 published by the IETF for preparing and resolv- 
ing an ARP request, and a frame processing portion 33 
for searching the MAC address in the address table 34 
with reference to the IP packet supplied thereto to 
obtain the ATM address. 

40 [0021] Hereinafter, description will be made about the 
operation of the intercommunication apparatus having 
the above-mentioned structure. 

[0022] At first, a communicating operation between 
the LANE terminal 100a and the LANE terminal 100b 

45 will be described. 

[0023] Referring to Fig. 3, description will be made 
about the communicating operation using the intercom- 
munication apparatus illustrated in Fig. 1 in case of the 
communication from the LANE terminal 100a to the 

50 LANE terminal 1 00b will be described. 

[0024] It is assumed here that the LANE terminal 1 00a 
is going to transmit a particular IP packet to the LANE 
terminal 100b (step S101). 

[0025] In order that the LANE terminal 1 00a transmits 
55 the IP packet to the LANE terminal 100b, the IP packet 
must be encapsulated into a MAC frame. Therefore, it is 
necessary to know the MAC address of the LANE termi- 
nal 100b. For this purpose, the LANE terminal 100a 
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transmits by LANE protocol an ARP request designat- 
ing the IP address of the LANE terminal 100b (step 
S102). 

[0026] The ARP request transmitted from the LANE 
terminal 1 00a is a broadcast frame and is therefore sent 
to the LANE server 1 1 0 (BUS) to be broadcasted by the 
LANE server 110 (BUS) to the LANE terminals 100a- 
1 00c and the LEC 1 0 (step S1 03). 
[0027] In response to the ARP request, the LANE ter- 
minal 100b prepares an ARP reply containing the MAC 
address of the LANE terminal 100b and transmits the 
ARP reply via LANE communication to the LANE termi- 
nal 100a (step S104). 

[0028] When the LANE terminal 100a receives the 
ARP reply transmitted from the LANE terminal 1 00b, the 
LANE terminal 100a knows the MAC address of the 
LANE terminal 100b from the ARP reply thus received 
and can prepare a MAC frame containing the IP packet 
to be transmitted to the LANE terminal 100b (step 
S105). 

[0029] After subjected to LANE processing (steps 
S1 06-S1 08), the MAC frame is transmitted to the LANE 
terminal 100b (step S109). The LANE terminal 100b 
receives the MAC frame transmitted from the LANE ter- 
minal 100a (step S1 10). 

[0030] Communication is similarly carried out from the 
LANE terminal 100b to the LANE terminal 100a in the 
similar manner. 

[0031] Next, description will be made about communi- 
cating operation between the IPOA terminal 200a and 
the IPOA terminal 200b. 

[0032] Referring to Fig. 4, description will be made 
about communicating operation using the intercommu- 
nication apparatus illustrated in Fig. 1 in case of the 
communication from the IPOA terminal 200a to the 
IPOA terminal 200b. 

[0033] In accordance with an existing IPOA protocol, 
the IPOA terminals 200a and 200b make their own IP 
address and ATM address information be registered in 
the IPOA server 40 (steps S201-S202, S203-S204). 
[0034] It is assumed here that the IPOA terminal 200a 
is going to transmit a particular IP packet to the IPOA 
terminal 200b (step S205). 

[0035] In order to start communication with the IPOA 
terminal 200b, the IPOA terminal 200a transmits to the 
IPOA server 40 a request (address resolution request) 
for converting the IP address of the IPOA terminal 200b 
into the ATM address (step S206). 
[0036] The address resolution request transmitted 
from the IPOA terminal 200a is supplied through the 
ATM switch 302 to be received by the LLC/SNAP 
encapsulating portion 50. 

[0037] With reference to an LLC/SNAP header of the 
received data, the LLC/SNAP encapsulating portion 50 
judges that the data are addressed to the IPOA server 
40, and transfers to the IPOA server 40 the address res- 
olution request thus received (step S207). 
[0038] In response to the address resolution request 



transferred from the LLC/SNAP encapsulating portion 
50, the IPOA server 40 requests the LLC/SNAP encap- 
sulating portion 50 to transmit to the IPOA terminal 
200a an address resolution reply containing the ATM 

5 address of the IPOA terminal 200b (step S208). 

[0039] Then, the LLC/SNAP encapsulating portion 50 
LLC/SNAP encapsulates the address resolution reply 
into an encapsulated address resolution reply which is 
transmitted to the IPOA terminal 200a (step S209). 

w [0040] Supplied with the encapsulated address reso- 
lution reply prepared by the LLC/SNAP encapsulating 
portion 50, the IPOA terminal 200a acquires the ATM 
address of the IPOA terminal 200b and can transmit the 
IP packet to the IPOA terminal 200b by the use of the 

15 ATM address (steps S21 0-S21 2). 

[0041] Communication is also carried out from the 
IPOA terminal 200b to the IPOA terminal 200a in the 
similar manner. 

[0042] Referring to Fig. 5, description will be made 
20 about communicating operation using the intercommu- 
nication apparatus illustrated in Fig. 1 in case of the 
communication from the LANE terminal 100a to the 
IPOA terminal 200a. 

[0043] In accordance with an existing IPOA protocol, 
25 the IPOA terminal 200a makes its own IP address and 
ATM address information be registered in the IPOA 
server 40 (steps S301-S302). 

[0044] The IPOA server 40 transfers to the address 
table 34 in the frame converting portion 30 the IP 

30 address and the AIM address information of the IPOA 
terminal 200a thus registered (step S303). 
[0045] Then, the address table 34 extracts the MAC 
address of the IPOA terminal 200a from an ESI field of 
the ATM address of the IPOA terminal 200a, and stores 

35 the information including the IP address, the MAC 
address, and the ATM address of the IPOA terminal 
200a (step S304). 

[0046] It is assumed here that the LANE terminal 1 00a 
is going to transmit a particular IP packet to the IPOA 

40 terminal 200a (step S305). 

[0047] In order to transmit the IP packet to the IPOA 
terminal 200a, the IP packet must be encapsulated into 
the MAC frame. Therefore, the LANE terminal 100a is 
required to know the MAC address of the IPOA terminal 

45 200a. 

[0048] For this purpose, the LANE terminal 100a 
transmits, in accordance with the LANE protocol, an 
ARP request designating the IP address of the IPOA 
terminal 200a (step S306). 

50 [0049] The ARP request transmitted from the LANE 
terminal 100a is a broadcast frame and is therefore 
transmitted to the LANE server 1 1 0 (BUS) to be broad- 
casted by the LANE server 110 (BUS) to the LANE ter- 
minals 100a-100c and the LEC 10 (step S307). 

55 [0050] The LEC 1 0 transfers to the bridge 20 the ARP 
request supplied thereto (step S308). 
[0051] Then, the bridge 20 transfers to the MAC frame 
input/output portion 31 in the frame converting portion 



5 



9 



EP 0 981 260 A2 



10 



30 the ARP request transferred from the LEC 10 (step 
S309). 

[0052] The MAC frame input/output portion 31 trans- 
fers to the ARP processing portion 32 the ARP request 
transferred from the bridge 20 (step S310). 
[0053] Then, the ARP processing portion 32 resolves 
the ARP request transferred from the MAC frame 
input/output portion 31 and searches the address table 
34 by the use of the IP address of the IPOA terminal 
200a as a target IP address in the ARP request (step 
S311). 

[0054] Since the IP address of the IPOA terminal 200a 
is registered in the address table 34, the ARP process- 
ing portion 32 can acquire the MAC address of the IPOA 
terminal 200a (step S312). 

[0055] The ARP processing portion 32 prepares an 
ARP reply containing the MAC address of the IPOA ter- 
minal 200a and transfers the reply to the MAC frame 
input/output portion 31 (step S313). 
[0056] The MAC frame input/output portion 31 trans- 
fers to the bridge 20 the ARP reply transferred from the 
ARP processing portion 32 (step S314). 
[0057] The bridge 20 transfers to the LEC 1 0 the AR P 
reply transferred from the MAC frame input/output por- 
tion 31 (step S315). 

[0058] In accordance with the LANE protocol, the LEC 
10 transmits to the LANE terminal 100a the ARP reply 
transferred from the bridge 20 (step S316). 
[0059] Supplied with the ARP reply, the LANE terminal 
100a can know the MAC address of the IPOA terminal 
200a and can prepare the MAC frame containing the IP 
packet to be transmitted to the IPOA terminal 200a 
(step S317). 

[0060] The MAC frame prepared by the LANE termi- 
nal 100a is transmitted to the LEC 10 in accordance 
with the LANE protocol (steps S318-S323). 
[0061 ] The LEC 1 0 transfers to the bridge 20 the MAC 
frame supplied thereto (step S324). 
[0062] The bridge 20 transfers to the MAC frame 
input/output portion 31 in the frame converting portion 
30 the MAC frame transferred from the LEC 10 (step 

5325) . 

[0063] The MAC frame input/output portion 31 
extracts the IP packet from the MAC frame transferred 
from the bridge 20 and transfers the packet to the frame 
processing portion 33 together with a destination MAC 
address (MAC address of the IPOA terminal 200a) (step 

5326) . 

[0064] The frame processing portion 33 searches the 
address table 34 with reference to the destination MAC 
address transferred from the MAC frame input/output 
portion 31 (step S327). 

[0065] Since the MAC address of the IPOA terminal 
200a is registered in the address table 34, the frame 
processing portion 33 can acquire the ATM address of 
the IPOA terminal 200a (step S328). 
[0066] The frame processing portion 33 transmits to 
the LLC/SNAP encapsulating portion 50 the IP packet 



and the ATM address of the IPOA terminal 200a (step 
S329). 

[0067] The LLC/SNAP encapsulating portion 50 
LLC/SNAP encapsulates the IP packet and transmits 
5 the encapsulated packet to the IPOA terminal 200a 
(step S330). 

[0068] The IPOA terminal 200a receives through the 
ATM switch 302 the LLC/SNAP encapsulation IP packet 
(step S331). 

w [0069] Referring to Fig. 6, description will be made 
about communicating operation using the intercommu- 
nication apparatus illustrated in Fig. 1 in case of the 
communication from the IPOA terminal 200a to the 
LANE terminal 100a. 

15 [0070] It is assumed here that the IPOA terminal 200a 
is going to transmit a particular IP packet to the LANE 
terminal 100a (step S401). 

[0071] In order to start communication with the LANE 
terminal 100a, the IPOA terminal 200a transmits to the 
20 IPOA server 40 an address resolution request for con- 
verting the IP address of the LANE terminal 100a into 
the ATM address (step S402). 

[0072] The address resolution request transmitted 
from the IPOA terminal 200a is transferred through the 
25 ATM switch 302 to the LLC/SNAP encapsulating portion 
50. 

[0073] With reference to an LLC/SNAP header of the 
received data, the LLC/SNAP encapsulating portion 50 
judges that the data are addressed to the IPOA server 

30 40, and transfers to the I POA server 40 the address res- 
olution request supplied thereto (step S403). 
[0074] The IPOA server 40 does not hold the informa- 
tion of the LANE terminal 100a requested by the 
address resolution request and therefore prepares an 

35 address resolution reply containing, instead of the ATM 
address of the LANE terminal 100a, the ATM address 
assigned to the LLC/SNAP encapsulating portion 50. 
[0075] The IPOA server 40 requests the LLC/SNAP 
encapsulating portion 50 to transmit to the IPOA termi- 

40 nal 200a the address resolution reply thus prepared 
(step S404). 

[0076] Then, the LLC/SNAP encapsulating portion 50 
LLC/SNAP encapsulates the address resolution reply 
and transmits the encapsulated address resolution 

45 reply to the IPOA terminal 200a (step S405). 

[0077] Supplied with the address resolution reply, it 
seems as if the IPOA terminal 200a acquires the ATM 
address of the LANE terminal 1 00a. 
[0078] The IPOA terminal 200a LLC/SNAP encapsu- 

50 lates the IP packet desired to be transmitted (step S406) 
and transmits the encapsulated packet to the ATM 
address thus acquired (step S407). 
[0079] The LLC/SNAP encapsulation IP packet is 
actually received by the LLC/SNAP encapsulating por- 

55 tion 50. 

[0080] The LLC/SNAP encapsulating portion 50 
extracts the IP packet from the received data by remov- 
ing the LLC/SNAP header therefrom, and transfers the 
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packet to the frame processing portion 33 in the frame 
converting portion 30 (step S408). 
[0081] As the information for encapsulating the IP 
packet into the MAC frame, the frame processing por- 
tion 33 is required to know the MAC address of the 
LANE terminal 100a as a destination of the IP packet. 
For this purpose, the frame processing portion 33 trans- 
mits to the ARP processing portion 32 the IP address of 
the LANE terminal 100a to thereby ask the MAC 
address of the LANE terminal 100a (step S409). 
[0082] Holding no relevant information, the ARP 
processing portion 32 prepares an ARP request con- 
taining the IP address of the LANE terminal 100a, and 
transfers the ARP request to the MAC frame input/out- 
put portion 31 with the destination MAC address as a 
broadcast address (step S410). 

[0083] The MAC frame input/output portion 31 encap- 
sulates the ARP request into the MAC frame which is 
transferred to the bridge 20 (step S41 1 ). 
[0084] The bridge 20 transfers to the LEC 1 0 the ARP 
request transferred from the MAC frame input/output 
portion 31 (step S412). 

[0085] In accordance with the LANE protocol, the LEC 
10 processes the ARP request transferred from the 
bridge. In this event, the ARP request is broadcasted 
through the LANE server 1 1 0 (BUS) to the LANE termi- 
nals 100a-100c and the LEC 10 (steps S413-S414). 
[0086] In response to the ARP request supplied 
thereto, the LANE terminal 100a prepares the ARP 
reply containing its own MAC address because the tar- 
get IP address in the ARP request is its own address, 
and transmits the ARP reply to the LEC 10 in accord- 
ance with the LANE protocol (step S415). 
[0087] Then, the LEC 1 0 transfers to the bridge 20 the 
ARP reply supplied thereto (step S416). 
[0088] The bridge 20 transfers to the MAC frame 
input/output portion 31 in the frame converting portion 
30 the ARP reply transferred from the LEC 10 (step 

5417) . 

[0089] The MAC frame input/output portion 31 
extracts the ARP reply from the MAC frame and trans- 
fers the reply to the ARP processing portion 32 (step 

5418) . 

[0090] The ARP processing portion 32 obtains the 
MAC address of the LAN terminal 100a and transmits it 
to the frame processing portion 33 (step S419). 
[0091] The frame processing portion 33 transmits the 
IP packet as communication data to the MAC frame 
input/output portion 31 with the MAC address of the 
LANE terminal 100a as the destination MAC address 
(step S420). 

[0092] The MAC frame input/output portion 31 encap- 
sulates the IP packet transferred from the frame 
processing portion 33 into the MAC frame which is 
transmitted to the bridge 20 (step S421). 
[0093] The bridge 20 transfers the MAC frame to the 
LEC 10 (step S422). 

[0094] The LEC 1 0 processes the MAC frame trans- 



ferred from the bridge 20 in accordance with the LANE 
protocol. In this case, transmission to the LANE terminal 
100a takes place (steps S423-S426). 
[0095] The LANE terminal 100a receives the MAC 
5 frame containing the IP packet as communication data 
(step S427). 

[0096] This invention is not restricted to the above- 
mentioned combinations. The operation can be similarly 
carried out for any other combination. 

10 [0097] As regards the difference in maximum length 
(MTU) (Maximum Transmission Unit) of the transmis- 
sion data between the LANE terminals 100a-100c and 
the IPOA terminals 200a-200c, use may be made of 
either of a method of fragmenting the IP packet in the 

15 frame converting portion 30 and a method of covering 
by the manner of operation. 

[0098] Description will be made about the method of 
fragmenting the IP packet in the frame converting por- 
tion 30. It is assumed that the LANE terminals 100a- 

20 1 00c are given smaller MTU than that in the IPOA termi- 
nals 200a-200c and that the IPOA terminal transmits 
the IP packet greater in length than the MTU of the 
LANE terminal. In this event, the frame processing por- 
tion 33 in the frame converting portion 30 fragments the 

25 IP packet. 

[0099] On the contrary, it is assumed that the IPOA 
terminals 200a-200c are given smaller MTU than that in 
the LANE terminals 100a-100c and that the LANE ter- 
minal transmits the IP packet greater in length than the 

30 MTU of the IPOA terminal. In this event, the frame 
processing portion 33 in the frame converting portion 30 
fragments the IP packet. 

[0100] On the other hand, in the method of covering 
by the manner of operation, the MTUs of the LANE ter- 

35 minals and the IPOA terminals are preliminarily 
selected to have an equal value which is coincident with 
the smaller one. Thus, no difference in MTU occurs. 
[0101] Referring to Fig. 7, description will be made 
about an intercommunication apparatus according to 

40 another embodiment of this invention and a communi- 
cation system for which the apparatus is used. 
[0102] As illustrated in Fig. 7, this embodiment is dif- 
ferent from the embodiment illustrated in Fig. 1 only in 
that the bridge 20 is connected to an Ethernet process- 

45 ing portion 60 and that the Ethernet processing portion 
60 is connected to an Ethernet cable 410 and to Ether- 
net terminals 400a-400b through the Ethernet cable 
410. 

[0103] In the embodiments described above, IP is 
so assumed as a protocol of a network layer and descrip- 
tion has been made on its vocaburary. However, this 
invention is not restricted thereto. Utilizing the principle 
of this invention, any protocol other than I P, for example, 
IPX (Internetwork Packet Exchange) can be similarly 
55 embodied. 

[0104] In the foregoing embodiments, description has 
been made about the case where two ATM switches are 
provided. However, such structure is taken for the con- 
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venience of description but the principle of this invention 
can be directly applied in case where three or more ATM 
switches are interconnected. The LANE terminal or the 
IPOA terminal can be connected to a desired one of the 
ATM switches. 5 
[0105] In the foregoing embodiments, description has 
been made about the case where both of the LANE ter- 
minals and the IPOA terminals are equal to three in 
number. However, such structure is taken for the con- 
venience of description but the principle of this invention 10 
can be directly applied to the case where four or more 
LANE terminals or IPOA terminals are connected. 
[0106] In case of any change in the specification of the 
LANE or the IPOA to which this invention is addressed, 
the principle of this invention can directly be applied as 15 
far as the essential specification of the LANE or the 
IPOA shown in the foregoing embodiments is not 
changed. 

[0107] As described above, according to this inven- 
tion, provision is made of the function of interconversion 20 
between the MAC frame encapsulation data and the 
LLC/SNAP encapsulation data by the use of the infor- 
mation related to the IPOA terminal and registered in 
the IPOA server. Therefore, it is possible to allow coex- 
istence of the LANE terminal and the IPOA terminal in a 25 
same subnetwork. 

[0108] By the function of interconversion between the 
MAC frame encapsulation IP packet and the LLC/SNAP 
encapsulation IP packet, no more than the MAC frame 
encapsulation IP packet is seen from the LANE terminal 30 
while no more than the LLC/SNAP encapsulation IP 
packet is seen from the IPOA terminal. Therefore, it is 
unnecessary to change existing resources such as the 
LANE server, the LANE terminals, the IPOA terminals, 
and the ATM switches at all. 35 

Claims 

1. An intercommunication apparatus (1) for carrying 

out communication between one and another of 40 
LAN (Local Area Network) emulation terminals 
(100a, 100b, 100c) and IP (Internet Protocol) over 
ATM (Asynchronous Transfer Mode) terminals 
(200a, 200b, 200c), characterized in that said appa- 
ratus comprises: 45 
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a bridge portion (20) for exchanging data 
between said LAN emulation terminals and 
said frame converting portion. 

2. An intercommunication apparatus as claimed in 
claim 1 , characterized in that said frame converting 
portion comprises: 

a MAC frame input/output portion (31) for input 
and output of data to and from said bridge por- 
tion; 

an address table (34) connected to said IPOA 
server and holding information including an IP 
address, a MAC address, and an ATM address 
as entries; 

an ARP (Address Resolution Protocol) 
processing portion (32) connected to said 
address table for preparing and resolving an 
ARP request; and 

a frame processing portion (33) responsive to 
an IP packet supplied thereto for searching the 
MAC address in said address table to acquire 
the ATM address. 

3. A communication method for carrying out commu- 
nication between one and another of said LAN 
emulation terminals by the use of said intercommu- 
nication apparatus claimed in claim 2, character- 
ized in that said method comprises: 

a step (S1 02) of transmitting said ARP request 
designating the IP address of a reception ter- 
minal of said LAN emulation terminals from a 
transmission terminal of said LAN emulation 
terminals to other LAN emulation terminals by 
a LANE (LAN emulation) protocol; 
a step (S104) of preparing, in said reception 
terminal, an ARP reply including the MAC 
address of said reception terminal, and trans- 
mitting said ARP reply to said transmission ter- 
minal by communication using the LANE 
protocol; and 

a step (S1 05, S1 09) of preparing, in said trans- 
mission terminal, a MAC frame containing the 
IP packet to be transmitted to said reception 
terminal by the use of the MAC address con- 
tained in the ARP reply transmitted from said 
reception terminal, and transmitting to said 
reception terminal the MAC frame thus pre- 
pared. 

4. A communication method for carrying out commu- 
nication between one and another of said IP over 
ATM terminals by the use of said intercommunica- 
tion apparatus claimed in claim 2, characterized in 
that said method comprises: 

a step (S206) of transmitting from a transmis- 



an IPOA (IP over ATM) server (40) which stores 
information related to said IP over ATM termi- 
nals; 

an encapsulating portion (50) for encapsulating so 
input data; 

a frame converting portion (30) for carrying out, 
by the use of the information stored in said 
IPOA server, interconversion between MAC 
(Media Access Control) frame encapsulation 55 
data and LLC/SNAP (Logical Link Control/Sub- 
Network Attachment Point) encapsulation data 
prepared by said encapsulating portion; and 
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sion terminal of said IP over ATM terminals 
through said encapsulating portion to said 
IPOA server an address resolution request for 
converting the IP address of a reception termi- 
nal of said IP over ATM terminals into the ATM 5 
address; 

a step (S208) of encapsulating and transmit- 
ting, in response to the address resolution 
request transmitted from said transmission ter- 
minal, an address resolution reply containing 10 
the ATM address of said reception terminal 
from said IPOA server through said encapsu- 
lating portion to said transmission terminal; and 
a step (S211) of transmitting the IP packet to 
said reception terminal by the use of the ATM 15 
address of said reception terminal contained in 
said address resolution reply. 

5. A communication method for carrying out commu- 
nication from a transmission terminal being one of 20 
said LAN emulation terminals to a reception termi- 
nal being one of said IP over ATM terminals by the 
use of said intercommunication apparatus claimed 
in claim 2, characterized in that said method com- 
prises: 25 

a step (S301 , S302) of registering, in said IPOA 
server, IP address and ATM address informa- 
tion of said reception terminal; 
a step (S303) of transferring to said address 30 
table the IP address and the ATM address 
information of said reception terminal regis- 
tered in said IPOA server; 
a step (S304) of extracting, in said address 
table, the MAC address of said reception termi- 35 
nal from an ESI (End System Identifier) field of 
the ATM address of said reception terminal and 
storing the information of the IP address, the 
MAC address, and the ATM address of said 
reception terminal; 40 
a step (S306-S310) of transmitting, from said 
transmission terminal through said bridge por- 
tion and said MAC frame input/output portion to 
said ARP processing portion in accordance 
with a LANE (LAN emulation) protocol, the 45 
ARP request designating the IP address of said 
reception terminal; 

a step (S313-S316) of resolving, in said ARP 
processing portion, said ARP request, detect- 
ing the MAC address of said reception terminal so 
from said address table by the use of the IP 
address of said reception terminal as a target 
IP address in the ARP request, preparing the 
ARP reply containing the MAC address, and 
transmitting it to said transmission terminal 55 
through said MAC frame input/output portion 
and said bridge portion; 

a step (S317-S326) of preparing, in said trans- 



mission terminal, the MAC frame containing 
the IP packet to be transmitted to said recep- 
tion terminal in response to the ARP reply, and 
transmitting it to said frame processing portion 
through said bridge portion and said frame 
input/output portion; 

a step (S327-S329) of detecting, in said frame 
processing portion, the ATM address of said 
reception terminal from said address table with 
reference to the MAC address contained in the 
MAC frame, and transmitting the ATM address 
and the IP packet to said encapsulating por- 
tion; and 

a step (S330) of encapsulating, in said encap- 
sulating portion, the IP packet and transmitting 
it to said reception terminal. 

6. A communication method for carrying out commu- 
nication from one of said IP over ATM terminals to 
one of said LAN emulation terminals by the use of 
said intercommunication apparatus claimed in 
claim 2, characterized in that said method com- 
prises: 

a step (S402, S403) of transmitting, to said 
IPOA server through said encapsulating por- 
tion from a transmission terminal which is said 
one of the IP over ATM terminals, an address 
resolution request for converting, into the ATM 
address, the IP address of said reception termi- 
nal which is said one of the LAN emulation ter- 
minals; 

a step (S404, S405) of encapsulating and 
transmitting, in response to the address resolu- 
tion request transmitted from said transmission 
terminal, an address resolution reply contain- 
ing an ATM address assigned to said encapsu- 
lating portion from said IPOA server through 
said encapsulating portion to said transmission 
terminal; 

a step (S406, S407) of encapsulating, in said 
transmission terminal, the IP packet desired to 
be transmitted and transmitting it to said 
encapsulating portion; 

a step (S408) of extracting, in said encapsulat- 
ing portion, the IP packet from reception data 
and transferring it to said frame processing por- 
tion; 

a step (S409) of transmitting from said frame 
processing portion to said ARP processing por- 
tion the IP address of said reception terminal in 
order to ask the MAC address of said reception 
terminal; 

a step (S410-S414) of preparing, in said ARP 
processing portion, the ARP request contain- 
ing the IP address of said reception terminal 
unless relevant information is held therein, and 
transmitting the ARP request through said 
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MAC frame input/output portion and said 
bridge portion to said reception terminal with a 
destination MAC address as a broadcast 
address; 

a step (S41 5-S41 8) of preparing, in said recep- 5 
tion terminal, an ARP reply containing the MAC 
address assigned to said reception terminal in 
response to the ARP request, and transmitting 
the ARP reply through said bridge portion and 
said MAC frame input/output portion to said 10 
ARP processing portion in accordance with the 
LANE protocol; 

a step (S419) of obtaining, in said ARP 
processing portion, the MAC address of said 
reception terminal from said ARP reply to 15 
transmit the MAC address of said reception ter- 
minal to said frame processing portion; 
a step (S420) of transmitting, in said frame 
processing portion, the IP packet as communi- 
cation data to said MAC frame input/output por- 20 
tion with the MAC address of said reception 
terminal as the destination MAC address; and 
a step (S421-S426) of encapsulating, in said 
MAC frame input/output portion, the IP packet 
transmitted from said frame processing portion 25 
into the MAC frame, and transmitting it to said 
reception terminal through said bridge portion. 
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